Acute lung injury (ALI) and its extreme manifestation, acute respiratory distress syndrome (ARDS), complicate a wide variety of serious medical and surgical conditions, not all of which affect the lung directly [1] . The incidence of ALI increases with age, and around 190,600 cases occur in the United States alone each year [2] ; these represent only a small proportion of those at risk. It therefore seems likely that genetic factors may render individuals susceptible to ALI. The pathogenesis of ALI/ ARDS remains incompletely understood, but oxidative stress is implicated as a contributory factor to the onset and progression of disease in that the production of reactive oxygen species (ROS) influences both pro-and anti-inflammatory cell-signalling pathways. Additionally, the conversion of ROS to more aggressive species by iron catalysis can damage bio-molecules and cells directly [3] . The haem oxygenases (HO) are potent anti-inflammatory and anti-oxidative enzymes that catalyse the degradation of haem to biliverdin, carbon monoxide (CO) and free iron [4] . The inducible isoform HO-1 is thought to be cytoprotective under pro-oxidative conditions. The mechanism of this is unknown but probably acts through the properties of biliverdin and bilirubin and the antiinflammatory effects of CO [5] . However, reactive ferrous iron produced during the catabolism of haem by HO may catalyse oxidative damage [6] . Thus, HO-1 induction may be protective or deleterious, depending on several factors including substrate availability and levels of protein expression.
Expression of the gene encoding HO-1, HMOX1, is under genetic control and thought to be influenced by a biallelic single nucleotide polymorphism (SNP) and a polymorphic dinucleotide (GT)n repeat in the HMOX1 promoter region, with repeat lengths ranging from 12 to 40 [7] [8] [9] . The paper by Sheu et al. [10] in this edition of the journal furthers our knowledge of this complex area by investigating the hypothesis that polymorphisms in HMOX1 could influence susceptibility to ARDS. Employing an unmatched case-controlled design nested within a prospective cohort of at-risk patients and minimising population stratification by limiting the study to Caucasians, the authors found a trend for longer HMOX1 (GT)n repeats to be associated with a reduced risk of developing ARDS. Further, this effect was found to be gene dose-dependant and was evident on subdivision into short, medium and long repeats. No associations were found with individual haplotype tagging SNPs (tSNPs). On haplotype analysis the S-TAG haplotype, containing short (GT)n repeats and all three minor alleles from the tSNPs, was associated with an increased risk of ARDS. However, association with (GT)n repeat length was dominant in any tSNP association.
How robust was the methodology employed? First, the incomplete penetrance of genetic traits, the heterogeneity of the loci involved and the influences of variable, nongenetic risk factors and of treatment strategies render the interpretation of the results of all genetic studies in ARDS complex. Second, whilst biological reporter assays show that longer repeats in the (GT)n polymorphism are less able to induce transcription [7, 8] , the rs2071746 promoter SNP at position -413 has been shown to be in linkage disequilibrium with the (GT)n repeat polymorphism, suggesting that any functionality should be attributed to this SNP [9] . Further, the assignment of (GT)n repeat lengths into grouped alleles has previously been arbitrary and has been determined mainly through biological reasoning [7] . However, the current authors have employed a mathematical model with sensitivity analysis to assign best-fit allele-grouping criteria for the development of ARDS [10] . This highlights the necessity of investigating (GT)n repeat function. Thus, can we be certain that an HMOX1 allele with a repeat length of a certain size will behave significantly differently from one that is one repeat unit longer or shorter? Further research into how repeat length influences induction of HMOX1 expression is therefore essential, especially as the HMOX1 promoter has a number of potentially functional transcriptional elements regulated by a network of transcription factors [11] . The influence of promoter polymorphism on induction of HMOX1 gene expression is also likely to differ by cell type and inducer.
What can we deduce from the findings? First, the authors should be congratulated for attempting the study, which has sound biological plausibility emerging from previous work. Thus, HO-1 has been shown to be elevated in the lung tissue of patients with ARDS [12] . However, evidence suggests HO-1 might function within a tight physiological range, under-expression and over-expression being deleterious and associated with increased mortality in critically ill patients [13] . In the current study, expression of long repeats was associated with protection from ARDS [10] . This fits within the model of HMOX1 expression as others have shown long repeats to equate to lower expression of HMOX1, which in turn would imply less release of potentially reactive iron during haem catabolism [12] . Second, the actions of the constitutive HO-2 isoenzyme are equally relevant to host protection. Indeed, a common haplotype in the gene encoding HO-2, HMOX2, is known to be reduced in patients with ARDS of pulmonary origin [14] . Additionally, mice lacking HMOX2 exposed to hyperoxia are significantly more susceptible to the deleterious pulmonary effects of iron accumulation and oxygen toxicity [15] . Interactions between HO-1 and HO-2 may serve to regulate overall enzyme activity, indicating a protective effect. In humans, although HO-2 is a constitutive enzyme, expression is increased in the lungs of smokers and patients with ARDS [12, 16] , suggesting an important pro-inflammatory association and (possibly) a protective pulmonary response. Finally, the authors utilised plasma HO-1 level as an endpoint, showing it to be increased in patients with longer (GT)n repeats. However, HO-1 is classically considered to be an intracellular protein [4] and to function exclusively within this environment, and its appearance in plasma may be related to tissue injury and release rather than variable levels of synthesis. Cellular expression of HO-1 in both patients and controls might provide a more robust endpoint.
In conclusion, in this study, long (GT)n repeats in the HMOX1 promoter were associated with decreased risk of ARDS, an observation consistent with current literature. However, further work to elucidate the mechanism of how HMOX1 repeat length functions in systems key to the development of ARDS would enhance the significance of these exciting results.
